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 Rhok>u}<ƛŖ8¥ÈĔʞ GTPase"8 RhoA Rˏac1 Cˏdc42(ˏȅȠȝ
ȹ'ĻŒĻŖȣş<Íń8QK`~ ʐș'ň<Ş!8ˍĀ 1-2 Gˏovek et 
al., 2005ˎː ȏɶ¢ʤ%$'ĻŒČØ(?JZȪȣ3ņĦȔ'×Œ&ďªĕ8
#Ȱ	69!




'ĽÓ&!ˏRac13 Cdc42( p21-activated kinaseˍPAKˎ'}ʚØ<!ȅ
Ƞȏɶ'¢ʤ<¬ʊ8#Ǿ69!8ˍHayashi et al., 2007ˎː Ģǖǲ& RhoA
(ƸQK`~"8 Rho kinaseˍROCKˎ<ň#QK`~ ʐș<!ȏ
ɶ<ʃȨ8ˍRedmond and Ghosh, 2001ˎː Ǜ&?JZȪȣ<Íń8#Ǿ
69!8uEQ II(ˏƛŖOlza[^"8 myosin light chain 2ˍMLC2ˎ
ROCK&5!}ʚØÍń<ê8#&57 ǳˏĬ'?JZȪȣ<èȨ8
#"ȅȠȏɶ'ǢŖ<ʩě8#Ȱ	69!8ˍ Kollins et al., 2009ˎː'5&ˏ
ȝȹÁ&
!ÈĔSA[Z#!· Rho( ˏ'ƷŋųĎ'ɩȕÿĔ&5
!äĞ&Íń9!8ˍSchmidt and Hall, 2002; Tcherkezian and Lamarche-Vane, 
2007ˎː áˏRho guanine nucleotide exchange factorˍRhoGEFˎ(ƷŋĄ Rho&ȡ
ï GDP < GTP &ȭŪˏƷŋØĄ+#ČØ8ˍĀ 1-3A ˎː Rho 
GTPase-activating proteinˍRhoGAPˎ( Rho'ÁĂǲ% GTPaseƷŋ<ʊˏGTP
< GDP&ÕƬÈɞ8#" Rho<ƷŋĄ+#ČØ8ˍ Ā 1-3BˎːRho guanine 
nucleotide dissociation inhibitorˍ RhoGDI (ˎ Rho6'GDP'ɞʶ<řÍ8#"ˏ





"7ˍTsukita and Yonemura, 1999ˏĀ 1-4ˎˏ NƉȒ´&ȝȹɃ&ĕĂ8ɃX
gJɵ#ȡï8 four-point-one, ezrin, radixin, moesinˍFERMˎ_wA<ˏCƉȒ´
&?JZȪȣ&ȡï8_wA<Ɔ8 ːŸ ȅˏȠȤȣɁǯ IIĄ'ãÿʕ Ĕ
"8ˏ=řÍʕ Ĕ nf2 M_8t}( ERM XgJɵ#ƛʇ£!
82'' ?ˏJZȪȣȡï_wA<Ɔ!% îːXgJɵʦ' FERM_















< lysophosphatidic acidˍ LPAˎ"Îǌ8#ˏROCK<! CƉȒʽą'SEa






ʩě98ˍMatsui et al., 1998ˎː ł!ˏƛʇČØ39&¡ƷŋØ&(ˏ&
RhoA/ROCK&58 CƉȒ´'SEaƥć&Ģ8}ʚØ¯˃ʜɘ"8#
Ȱ	69!ː 
 ŸˏDT}( RhoA'Ʒŋ<Íń8 NːƉȒ' FERM_wA( RhoGDI#
ȡï8#Ĉö9!
7ˍTakahashi et al., 1997ˎˏ RhoGDI<Ťţ8#"
RhoA6' GDP'ɞʶ<¬ʊˏRhoA'Ʒŋ<ċÕ8#Ȱ	69!8ːç
Ģ&ˏĦɂǛǫǲDT}d[J?B^ˍVil2-/-ˎtBS'ĦɂˍCasaletto et al., 2011ˎ
3ˏDT}'Čǫ¦ˍ?JZȪȣȡïʖ¤'ơū¦ˎ<Ǳǟ LLC-PK1 ȝ











9!8ˍGoslin et al., 1989; Everett and Nichol, 1990ˎː .ˏËĆ˄ƻˆȅȠȝ
ȹ&Ģ!?ZUSE}NbJEZ_<Ǥ!º]@HQ#xDQ'Ǳ
ǟ<òƀ&řÍ8#ˏŖʤÂʡ3ȅȠȏɶ¢ʤ'ǫıĹɶ98#6















(  ˏ Vil2+/+ȅȠȝȹ#ƪɿ!ȅȠȏɶ3ɾȜ'ʤ&ʑ(%2'' ȅˏȠ
ȏɶųǄħ!#6 DˏT}ȅȠȏɶǢŖ&ʧ;8#ȃü9ː
m~YB?[UA<ǤɞƎ6 Vˏil2+/+ȅȠȝȹ#ƪɿ! Vˏil2kd/kdȅȠȝȹ













 ȓ 2 ȑ"(ˏǮŒx]~tBS&
8DT}'Ǳǟ&!ƘɠːERM
XgJɵ(ˏgHWǮ'ãÿʕ Ĕ lrrk2 &57M_98ˏleucine-rich 





















 Vil2kd/kdtBS(DT}ʕ Ĕ' 2 Ǫ# 3 ǪDJWʦ'A^ʽą&Čǫ
FU[^Ţ¼9!




7ˏȶ"(ȶʚÈƱʱěˍTamura et al., 2005ˎˏ ɀɄ"(}ʚɬ'ǫı




 tBS'ĩ<Ț 3 mmÉŶˏ50 mMƬʚØ`^}BvǊƾ<Õ	Łˏ10Èʦˏ
95ºC"ǘÆǡː6&ˏ1 M Tris-HClˍpH 8.0ˎ<Õ	!r~\[JSŁˏ
10Èʦˏ12,000 rpm"ʒňÈʶˏǃ< PCR'ʠĄ#!¨ǤːPCR(ʠĄ
# KOD FXˍ TOYOBO 
ˎ5*Ǜǫǲ&çŉ8mºAtˍ ɔ 1 <ˎǤ!ɑː
 8 
PCR ǣǚ<Ǥ!?GSʷƫƵ×<ɑˏƣı?~Ǧƍˍ380 bpˎˏ Čǫ?
~Ǧƍˍ290 bpˎ' PCRǣǚ<Ȃɧˏʕ ĔĄ<Ȃɧːn\ơūtBS'Ŧ
ï;&57ÇǢ9ʕ ĔĄ'ƪǞ(ˏw]~'ƲÏ&58ǡɪ³ 





^ˍ Viesselmann et al., 2011ˎː 'Ł ˏǃ<ʭ! 10% FBS<õ0 Opti-MEM
ĆăˍInvitrogenˎ<ŷ&Õ	!jp[\@K< 15 þɑ#"ˏ°'ȝȹ&
Èʶːȝȹ( 0.1 mg/ml poly-D-lysineǊƾ<M^ 60 mm]@[Qy
5*
24BC~m^&ŭȊ Bˏ27ˍ Invitrogenˎˏ GlutaMAXˍ Invitrogenˎˏ 0.3% glucose

5* 37.5 mM NaCl<õ0 NeurobasalĆăˍInvitrogenˎ"Ć˄ːĆ˄( 37ºCˏ
CO2 ǎĶ 5%'ƌ"ɑːʩěÑ( 40 µM Y-27632ˍWakoˎ




 ×ǚ<clX~ƿˊʘ"ʥȺˏįňȲ57Ƞňǲ&ǏƸāĘ<ɑ 1ː0 
mM}ʚȥɓƾˍ pH 7.4 "ˎȾɐŁ 4ˏ%gºq~v?~]h_Ǌƾ<ǏƸː
ǏƸŁ"ȿ<ʆ3&ŬÇˏ4%gºq~v?~]h_Ǌƾ" 2 żʦāĘ<ɑ
ː'Ł 15%Q{Ș<õ0 100 mM}ʚȥɓƾ"ȾƬˏJ}ESX[^<





 ȿÉǙ<Ƣś¦ˍɔ 2ˎ# 4żʦˏ4C"çŉːƢś¦(ˏiEZƝ
ɭśtBS IgG ś¦ˍVectorˎ
5*iEZƝɭśBOI IgG ś¦ˍVectorˎ<Ǥ
! 2ƀʦçŉːiEZƝɭś¦( VECTASTIN ABCH[^ˍVectorˎ"Ƙ
Çːp~EHQYV'Ʒŋ(ˏ0.02% DABˏ0.3%ȁʚa[L~()?xaB
v¾Ƭúǚ




 ×ǚ6ȿ<ʆ3&ŬÇˏǢǡˁĊƬ"ɔʺ'ɐ<ƶƸŁˏFD Rapid 
GolgiStain KitˍFD NeuroTechnologiesˎ<ǤˏŠʟƃ&łƒɉ<ɑːJ}E
SX[^<Ǥ! 250 µm'ÉǙ<§ɖˏSºA_KºS&ɳ7ˏŠʟƃ&ł




Èʦˎˏ 50%DXd~ˍ1 Èʦˎˏ ɋǩƬˍ1 Èʦˏ2 þˎ"ȾȼːƢ& 0.5%J
Q~fAE[^Ǌƾ" 2ÈʦƒɉːɋǩƬˍ1Èʦˎˏ 50%DXd~ˍ1È
ʦˎˏ 70%DXd~ˍ2Èʦˎˏ 95%DXd~ˍ2Èʦˎ100%DXd~ˍ1Èʦˎ




 4%Q{Ș<õ0 4%gºq~v?~]h_Ǌƾ" 10Èʦ 4ˏºC"ȝȹ<āĘŁˏ
0.1% Triton X-100<õ0}ʚȥɓƾ" 10ÈʦˏĚǅ"ɃʄʏÆǡːƢ&ˏ1% 
BSA <õ0}ʚȥɓƾ" 30 ÈʦˏĚǅ"l[HKˏƢś¦ˍɔ 2ˎ<
Ɓ 4ˏºC"çŉːƢś¦( fluorescein isothiocyanateˍ FITCˎƝɭśBOI IgG
ś¦ˍ Jackson ImmunoResearch 
ˎ5* Alexa Fluor 633ƝɭśtBS IgGś¦ˍ Vectorˎ





 îS\R'ȅȠȝȹ(ˏŻĕ'Ĉö&łÈˀˍHirai et al., 2011ˎː Ƅ2ʤ
ȅȠȏɶ'ʤ&!ˏ10 µmƈǈ<S\R 1ˏ40 µmƈǈ<S\R 2ˏ40 µm
<S\R 3#ː.ˏ'ȅȠȏɶ57 2±ʤȏɶ<ɾȜ#Ęȯ






 Ŗ¦tBS'ďȿǳɵ<ŬÇŁ pˏrotease inhibitorsˍ Nacalai Tesque <ˎõ0 lysis buffer





 Ć˄ȅȠȝȹ<}ʚȥɓƾ"ƶƹˏprotease inhibitorsˍCell BioLabsˎ
5
* phosphatase inhibitorsˍ Nacalai Tesque <ˎõ0 RIPA bufferˍ 25 mM Tris-HCl pH 7.6, 150 




 Ń69XgJɵɤŵ& SDSOm~f[k>ˍ50 mM Tris-HCl, pH 6.8, 2% 
SDS, 2% 2-mercaptoethanol, 20% glycerol, 0.01% BPBˎ<Õ	!ˏ5Èʦˏ95ºC"Æǡ
ː'ŁˏSDS-PAGE "ÈʶŁ" PVDF Ƀ&ɽÄˏ5%SHvu~JǊƾ
" 60ÈʦˏĚǅ"l[HKːƢś¦ˍɔ 2ˎ<Ɓˏ4ºC"AHyo
^ŁˏƢś¦"8 HRPƝɭśtBS IgGś¦ˍMilliporeˎˏ HRPƝɭśBO





 Ć˄ȅȠȝȹ<}ʚȥɓƾ"ƶƹ lˏysis bufferˍ 25 mM HEPES, pH 7.5, 150 
mM NaCl, 1% Nonidet P-40, 10 mM MgCl2, 2% glycerol <ˎÕ	! 4ºC"ìǊØ 1ː0
Èʦ 1ˏ4,000×g"ʒňÈʶ<ɑˏþèǃ< GST-rhotekin-RBDˍCytoskeletonˎ
 12 
8( GST-PAK-PBDˍCell BioLabsˎ?GSiT# 1ƀʦˏ4ºC"AHy
o^ ƷˏŋØĄ' RhoA.( Rac1 Cˏdc42<m~YB ː'Ł lˏysis buffer






 6ʉˌ'ʝǢĄtBS< cˏlX~ƿˊʘ"ȿĘ¤ɕȭ&āĘ ː!ˏ
wS"ʾǳ& 1 cmȉÉ9Ƿ<¼9 Ȥˏƌ¦ˍ bregma<ćǉ&į+ 0.7 mm Ðˏ+ 0.8 mmˏ
ƿ 2.7 mmˎ'ʾɌˈ&_}~ˍUhobbyˎ"Ȍ<ːȢ!ˏ0.02%?SM~





 x}SƬʂɹęˇ( òˏtBS<Ǥ! 6-OHDA ǢˏǡˁĊƬŚ 6ʉʦŁ# 18
ʉʦŁ'ɟ 2þɑ tːBS( 6-OHDAȮ#ĢǖȮ<99 5ÙǤ ː
'ęˇ(µɡȦU[Q{ˏɡȦU[Q{ˏml\S^' 3Ƨʯ"ɑ  ː
 .ˏɡȦU[Q{<ɑÐż&ˏtBS'ʍƵƠȻ'Ȃɧ<Ƿǲ#µɡ
ȦU[Q{<ɑːÂĻm~ˍǸľ 100 cmˎ'đ&ˏɷĉ#%8mº[^q




ȇʦĿƠː'ů§< 1Ù& 3þȬ7ʁː 
 Ƣ& ȎˏʦɧǾƠȻ'Ȃɧ<Ƿǲ#ɡȦU[Q{<ɑ ÂˏĻm~< Iˏ
IIˏIIIˏIV # 4ÈÓˏ'' IÚǨ'đˏƬʺ 1 cm &mº[^qv<
ɣȭːI ÚǨ&(mº[^qv'ɚɛǲ%Ƿà#!ˏ10 cm ýŸ'ȐŸ¦<
Đ6ñ7ː!ˏSX^ăǒ< 4ÚǨ6ǔ§Ǔ&ʔŜˏtBS<
Ƭʺ&ű Ƅˏď 60ȇʦ'ʍƵʎ×ˍ mº[^qv&Ìʐ8."'ƀʦ ʆˏĶˏ
ɼɸˎ< SMARTi]E^º[HKQS\vˍBio Research Centerˎ<Ǥ!ɞƎ
ːƊęˇ"(ˏtBSmº[^qv& 10 ȇʦǩ.ĉï'/ˏmº[^





! IÚǨ'ǋĂÓïˍ%ˎ< 2Ȯʦ"ƪɿː 
 
HPLCi 
 Ȥƌ¦ȟȫ< EDTAˍ 50 mg/l 
ˎ5* 3,4-dihydroxybenzylamine hydrobromide<õ0



















Ƞȝȹ&!ɞƎ<ɑːS\R 1 ' Vil2kd/kdȅȠȝȹ&
8DT}'Ǳ
ǟ<Ƙɠ#: DˏT}'Ǳǟ(»Ǭɏºƒɉ"(ɝġ9%ˍ Ā 2-2Aˎː
.ˏòƜ'śDT}ś¦<ǤBDSXl[\@K<ɑ#:ˏ
Vil2+/+ȅȠȝȹ&












 ȅȠȝȹ'ȝȹˈƖtF"8ˏś neuronal class III β-tubulin ś¦
5*
rhodamine phalloidin<Ǥ»Ǭɏºƒɉ&57 ĻˏŒ'ɞƎ<ɑˍ Ā 2-3A,Bˎː
.ˏĆ˄ 48 ƀʦŁ'îS\R'ȅȠȝȹ'Óï<ɞƎˏVil2+/+ȅȠȝȹ#
Vil2kd/kdȅȠȝȹʦ"ƪɿˍĀ 2-3Cˎː Vil2kd/kdȅȠȝȹ"(ˏS\R 1 'Óï
ċÕ!ˍVil2+/+: 8.8 ± 1.4%ˏVil2kd/kd: 17.3 ± 2.3%ˎː çĢ&ˏS\R 3'Ó
ï(Ǆħ!ˍVil2+/+: 55.8 ± 4.2%ˏVil2kd/kd: 43.1 ± 4.1%ˎː 6&ˏS\R 3
'ȅȠȝȹ'/&ƴǷ!ɞƎ<ɑ#:ˏVil2kd/kd ȅȠȝȹ"(ȅȠȏɶ'ų
Ǆħ!8#ſ6&%ˍ Vil2+/+: 2.7 ± 0.2 Vˏil2kd/kd: 1.5 ± 0.2 Āˏ 2-3Dˎː
%6ˏȅȠȏɶ#ɾȜ'ʤ&!(ČØ%ˍĀ 2-3E,Fˎː '
ĻŒǫıˏ57ʤƀʦĆ˄8#&5!þŅ8#ìȻŋ<Ȱœ!ˏ
Ć˄ 96ƀʦŁ'ȝȹ&!ɞƎ<ɑˍ Ā 2-4A,BˎːȅȠȏɶų&! Vˏil2+/+
ȅȠȝȹ"(Ć˄ 48ƀʦŁ'ȝȹ#ƪɿ!ċÕˏVil2kd/kdȅȠȝȹ"(ČØ







!¥ÈĔʞ GTPase"8 RhoA Rˏac1 Cˏdc42(ˏȝȹˈƖș<Í






Ǥ! GTP ȡïĄ RhoA 'Ǳǟʞ<ɞƎ#:ˏVil2kd/kdȅȠȝȹ&
!(ʿ
Ɋ& RhoA'Ʒŋʊ!8#Ȃɧ9ˏVil2+/+ȅȠȝȹ#ƪɿ!Ț 3±






ʊ!8#ſ6&%ˍĀ 2-6A,Bˎː Ÿ"ˏMLC2#ò ROCK'
Ƹ&8#Ȱ	69!º]@HQ#xDQ'}ʚØ& ČˏØ(ɝġ9%
ˍĀ 2-6C,Dˎː 6&ˏVil2+/+ȅȠȝȹ# Vil2kd/kdȅȠȝȹ&Ģ8ˏROCK'
ʔŜǲʩěÑ"8 Y-27632'ļʼ<ɩ,#: MˏLC2'}ʚØ(řÍ9
ˍĀ 2-7A,Bˎˏ ERMXgJɵ'}ʚØ(ļʼ<ê%ˍĀ 2-7C-Eˎː 
'ȡƏ6ˏȅȠȝȹ&













&!ƘɠˍĀ 2-8A-Dˎː  
 DMSO ÆȭȮ"(ˏVil2kd/kdȅȠȝȹ'ȅȠȏɶų( Vil2+/+ȅȠȝȹ#ƪɿ!Ǆ
ħ!ˍĀ 2-8Eˎː Vil2+/+ȅȠȝȹ
5* Vil2kd/kdȅȠȝȹ&ˏY-27632.(M
^~#! DMSO <Õ	#:ˏ$6'ȅȠȝȹ2 Y-27632 ÆȭȮ(




ˍY-27632-treated Vil2+/+: 4.0 ± 0.3, Y-27632-treated Vil2kd/kd: 3.4 ± 0.3ˏĀ 2-8Eˎː ȅ
Ƞȏɶ
5*ɾȜ'¢ʤ(ˏY-27632 &5!¬9!ˍĀ 2-8F,Gˎː '
#6ˏVil2kd/kd ȅȠȝȹȃȅȠȏɶǢŖ'ǫı&(ˏROCK ʧ!8
#ſ6&%ː 


























'Ĭƛʇ'ʤǿ#ɝġ9ˍĀ 2-12BˏVil2+/+: 368.0 ± 16.1 µm, Vil2kd/kd: 










'ˉƢƠȻ<Şʖ¤"8ːďȿǳɵ( 6 Ĭƛʇ6%7ˏ2/3 Ĭ
5* 5 Ĭ&(
ɈĒŋ'ʡ¦ȝȹĎĕĂ8ˍLarkum et al., 1999ˎː ʡ¦ȝȹ(ˏ1Ĭ&ó! 1
Ɗ'ĨȒƞǜȏɶ<ˏȝȹ¦'ćʖ6ɗų'ƞǜȏɶ#ɾȜ<¢ʤ8ː2/3 Ĭ
6(çĢ´'ÝǠ&8ǳɵ+ŚĤ82''ˏ5Ĭ6(ďȿćĵƔ3ȿĲ%$
Ɯ%ʽą+ŚĤ!8ˍLaramée et al., 2013ˎː N~RƒɉƲ<ǤɞƎ<ɑ
#:ˏŖ¦ Vil2kd/kdtBS'ďȿǳɵȓ VĬʡ¦ȝȹ(ˏʝǢĄ#ƪɿ!ĨȒ
 19 
ƞǜȏɶ'ʤǿˍĀ 2-14CˏVil2+/+: 212.4 ± 8.5 µm, Vil2kd/kd: 159.9 ± 11.7 µmˎˏ






ĢǖȮ 6ˏ-OHDAȮ99'ɢŔȣşȻÔ&!Ƙɠˍ Ā 3-1AˎːĢǖȮ(ˏ
¸mº[^qv<ȭ!	 ÚǨ&Ƅ2ʤƀʦˍ ǆĘƀʦ'Ț 50% ǋˎĂˏ
6-OHDAȮ($'ÚǨ&
!2ǋĂÓï'ƆŐ%ČØ(ə69%ˍ Ā 3-1Bˎː 
 
6-OHDAe9_ 18i 
 ɍǚŚŁ 6ʉǷ#òƜ&ˏĢǖȮ 6ˏ-OHDAȮ99'mº[^qv'ʅʏ
þų îˏÚǨ+'ǋĂÓïˍ % <ˎƮ1 ɢˏŔȣşȻÔ&!Ƙɠˍ Ā 3-2Aˎː
2Ȯ(#2& 6ʉǷ#òƜ%ȡƏ"ːĢǖȮ(¸mº[^qv<ȭ!
	 ÚǨ&Ƅ2ʤƀʦˍǆĘƀʦ'Ț 40%ˎǋĂ 6ˏ-OHDAȮ($'ÚǨ&
!2












































8ȝȹɃ'?JZȪȣ'ƛŖ&ʧ;8#9!8ˍ Dent et al., 2007; Kollins 
et al., 2009ˎː ęʰ&ËĆ˄ȅȠȝȹ"(ˏŌıƷŋĄ RhoA<ʕ Ĕĥ¼8#
"uEQ II 'Ʒŋ<ċÕ8#&57ˏȅȠȏɶ'ųǄħ8ː6&ˏ
RhoA'Ƹ"}ʚØ9MLC2(uEQ II'Ʒŋ<Íń8#Ǿ69!





ȅȠȏɶųǄħ8ˍĀ 2-10Bˎː ęʰ&ˏY-27632 3 blebbistatin <Ǥ ROCK
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ɔ 1 Primer sequences used in genotyping. 
 
Antigen Source Species (Clone) Dilution (Application) 
Ezrin Cell Signaling Technology Rabbit 1:1000 (WB) 
1:100 (IF) 
Ezrin Acris Mouse (3C12) 1:1000 (WB) 
1:100 (IHC) 
Radixin Gift from Dr. Tsukita Rat (R21) 1:1000 (WB) 
Moesin Gift from Dr. Tsukita Mouse (2287) 1:1000 (WB) 
pan-ERM Cell Signaling Technology Rabbit 1:1000 (WB) 
phospho-ERM Cell Signaling Technology Rabbit 1:1000 (WB) 
GAPDH Sigma Rabbit 1:5000 (WB) 
β-actin Cell Signaling Technology Rabbit 1:5000 (WB) 
α-tubulin Abcam Mouse 1:100 (IF) 
Class III β-tubulin Covance Rabbit 1:100 (IF) 
Class III β-tubulin Sigma Mouse (2G10) 1:5000 (IHC) 
MAP2 Chemicon Mouse (HM-2) 1:3000 (IHC) 
MLC2 Cell Signaling Technology Rabbit 1:100 (WB) 
Phospho-MLC2 Cell Signaling Technology Rabbit 1:100 (WB) 
RhoA Cytoekeleton Mouse 1:500 (WB) 
Rac1 Cell BioLabs Mouse 1:500 (WB) 
Cdc42 Cytoekeleton Mouse 1:500 (WB) 
TH Sigma Mouse 1:10000 (IHC) 
 
ɔ 2 Antibodies used in this study.
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Ā 1-2 Rho signaling pathways in neuronal morphogenesis.
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Ā 1-5 Activation of ERM proteins. 
 
 
Ā 1-6 Targeting strategy of mouse ezrin gene (gene symbol Vil2). 




















Stage 1 Stage 2 Stage 3
 
Ā 2-1 Distribution of ezrin was observed in wild-type cultured cortical neurons at the 
stages 1, 2 and 3 by immunofluorescence. 
Neurons at the stages 1, 2 and 3 were stained with an anti-ezrin antibody, rhodamine 
phalloidin, and an anti-α-tubulin antibody, respectively. In the bottom lane, neurons were 
triple stained with an anti-ezrin antibody (green), rhodamine phalloidin (red) and an 
































Ā 2-2 Detection of ezrin in the Vil2+/+ and Vil2kd/kd neurons. 
A, Immunofluorescence of the Vil2+/+ and Vil2kd/kd neurons at stage 1 using an anti-ezrin 
antibody. Scale bar, 50 µm. B, Western blotting of cell extracts (10 µg, 1 µg, 0.5 µg or 0.2 






Ā 2-3 Neuritogenesis is impaired by ezrin knockdown. 
A, B, The Vil2+/+ (A) and Vil2kd/kd (B) neurons were fixed at 2 DIV and stained with an 













































































Ā 2-3 Continued. 
C, Stacked bar graph showing stage progression in the Vil2+/+ (n = 153) and Vil2kd/kd (n = 162) 
neurons. Stages of cells were defined by the length of the longest neurite as reported 
previously. D-F, Quantitation of number (D) and length (E) of neurites, and length of axon 
(F) in the Vil2+/+ (gray columns, n = 50) and Vil2kd/kd (green columns, n = 50) neurons. Three 
independent experiments were performed. *p<0.05, **p<0.01, ***p<0.001, Student's t test. 
























































+/+ kd/kd +/+ kd/kd +/+ kd/kd 
B
 
Ā 2-4 Morphological abnormalities in Vil2kd/kd neurons in 4 DIV. 
A, B, The Vil2+/+ (A) and Vil2kd/kd (B) neurons were fixed at 4 DIV and stained with an 
anti-neuronal class III β-tubulin antibody. Scale bars, 50 µm. C-E, Quantitation of number (C) 
and length (D) of neurites, and length of axon (E) in the Vil2+/+ (white columns, n = 5) and 
Vil2kd/kd (black columns, n = 5) neurons. Three independent experiments were performed. 













































































Ā 2-5 Increased RhoA activity in the Vil2kd/kd neurons. 
A-C, The amounts of active and total RhoA (A), Rac1 (B) and Cdc42 (C) from cell lysates of 
the Vil2+/+ and Vil2kd/kd neurons (2 DIV). Representative patterns were presented. D-F, The 
ratios of active RhoA (D), Rac1 (E) and Cdc42 (F) to total amount of proteins were compared 
between the Vil2+/+ (white columns) and Vil2kd/kd (black columns) neurons. Each experiment 























































Ā 2-6 Up-regulation of MLC2 phosphorylation. 
A, Western blotting of the Vil2+/+ and Vil2kd/kd neurons (2 DIV) using an antibody recognizing 
phospho-MLC2 (Ser19, top), MLC2 (middle) and GAPDH (bottom), respectively. 
Representative blotting patterns were shown. 8 µg of cell lysate was applied onto each lane. B, 
The ratio of phosphorylated MLC2 to total MLC2 in the lysate of the Vil2+/+ (white column) 
and Vil2kd/kd (black column) neurons was shown. C, Western blotting of the Vil2+/+ and 
Vil2kd/kd neurons (2 DIV) using an antibody recognizing phospho-ERM (top), pan-ERM 
(middle) and GAPDH (bottom), respectively. Representative blotting patterns were shown. 8 
µg of cell lysate was applied onto each lane. D, The ratios of phosphorylated ezrin, radixin 
and moesin to each total protein in the lysate of the Vil2+/+ (white columns) and Vil2kd/kd 
(black columns) neurons were shown. Each experiment was performed in triplicate. 































































































Ā 2-7 Phosphorylation was affected by Y-27632 in the MLC2, not in the ERM 
proteins. 
A, Western blotting of the DMSO- or Y-27632-treated Vil2+/+ and Vil2kd/kd neurons (2 DIV) 
using an antibody recognizing phospho-MLC2 (Ser19, top), phospho-ERM (middle) and 
GAPDH (bottom), respectively. Representative blotting patterns were shown. 8 µg of cell 
lysate was applied onto each lane. B-E, The ratios of phosphorylated MLC2, ezrin, radixin 
and moesin to GAPDH in the lysate of the DMSO-treated (white columns) and 
Y-27632-treated (black columns) Vil2+/+ and Vil2kd/kd neurons were shown. Each experiment 















+/+ + DMSO +/+ + Y-27632
kd/kd + DMSO kd/kd + Y-27632
 
Ā 2-8 Y-27632 rescues neuritogenesis. 
A-D, The Vil2+/+ and Vil2kd/kd neurons treated with DMSO (A,C) or 40 µM Y-27632 (24 h, 
B,D) were fixed at 2 DIV and stained with an anti-neuronal class III β-tubulin antibody 





























































Ā 2-8 Continued. 
E-G, The number (E) and length (F) of neurites, and length of axon (G) were quantified in the 
Vil2+/+ and Vil2kd/kd neurons treated with DMSO (white columns, n = 30) or 40 µM Y-27632 
(black columns, n = 30). Three independent experiments were performed. *p<0.05, **p<0.01, 
***p<0.001 (DMSO-treated vs. Y-27632-treated), ###p<0.001 (DMSO-treated Vil2+/+ vs. 
DMSO-treated Vil2kd/kd), Student's t test. Data represent mean ± SE.
 48 
A B
+/+ + Blebbistatin kd/kd + Blebbistatin
 
Ā 2-9 Blebbistatin rescues neuritogenesis. 
A, B, The Vil2+/+ and Vil2kd/kd neurons treated with 50 µM blebbistatin (24 h) were fixed at 2 








































































Ā 2-9 Continued. 
C-E, The number (C) and length (D) of neurites, and length of axon (E) were quantified in the 
Vil2+/+ and Vil2kd/kd neurons treated with DMSO (white columns, n = 10) or 50 µM 
blebbistatin (black columns, n = 10). Three independent experiments were performed. 
***p<0.001 (DMSO-treated vs. blebbistatin-treated), #p<0.05 (DMSO-treated Vil2+/+ vs. 
DMSO-treated Vil2kd/kd), Student's t test. Data represent mean ± SE.
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Ā 2-10 Schematic representation of the relationship between ezrin and RhoA/Rho 










Ā 2-11 Ezrin is not detected in Vil2kd/kd mice brain. 
Immunohistochemical analyses of ezrin expression in adult (8 week-old) wild-type (A) and 
Vil2kd/kd (B) mouse brains using an anti-ezrin antibody (clone, 3C12). Scale bars, 1 mm. Cx, 

















































Ā 2-12 Structure of cerebral cortex in the adult Vil2+/+ and Vil2kd/kd mice. 
A, Nissl staining in the cerebral cortex of Vil2+/+ and Vil2kd/kd mice. The length of cortical 
layers (B), and the number of Nissl-positive neurons (C) in Vil2+/+ and Vil2kd/kd mouse brains. 
Three independent experiments were performed. ***p < 0.001, Student’s t test. Data 










Ā 2-13 Impairment of neuronal morphology in Vil2kd/kd cerebral cortex. 
Immunohistochemistry of Vil2+/+ and Vil2kd/kd cerebral cortices using antibodies against class 
III β-tubulin (A) and MAP2 (B). High magnification images in Vil2+/+ (a) and Vil2kd/kd (b) 










Ā 2-13 Continued. 
Immunohistochemistry of Vil2+/+ and Vil2kd/kd cerebral cortices using antibodies against class 
III β-tubulin (A) and MAP2 (B). High magnification images in Vil2+/+ (a) and Vil2kd/kd (b) 




















































Ā 2-14 Ezrin knockdown causes abnormal dendritic outgrowth. 
Golgi staining of Vil2+/+ and Vil2kd/kd cerebral cortices. Representative images of apical 
dendrites (A) and basal dendrites (shown by triangles, B) of layer V pyramidal neurons were 
shown. C, Quantification of length of apical dendrites (C) and number of basal dendrites (D) 
in the Vil2+/+ and Vil2kd/kd layer V pyramidal neurons. *p < 0.05, **p < 0.01, Student’s t test. 
Data represent mean ± SE. Scale bar, 5 µm.
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Ā 3-1 Intrastriatal Injection of 6-OHDA Impairs Long-Term Spatial Memory at 6 
weeks. 
A, Representative traces of the swimming paths of vehicle- and 6-OHDA-microinjected mice 
at the 1 and 7 d of acquisition trials. 6-OHDA-microinjected mice had significantly impaired 
water maze performance that was associated with (B) a preference of the target quadrant 
(quadrant I). ***p < 0.001, Student’s t test. Data represent mean ± SE.
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Ā 3-2 Intrastriatal Injection of 6-OHDA Impairs Long-Term Spatial Memory at 18 
weeks. 
A, Representative traces of the swimming paths of vehicle- and a 6-OHDA-microinjected 
mouse at the 1 and 7 d of acquisition trials. 6-OHDA-microinjected mice had significantly 
impaired water maze performance that was associated with (B) a preference of the target 
quadrant (quadrant I). *p < 0.05, Student’s t test. Data represent mean ± SE.
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Ā 3-3 Immunohistochemical and neurochemical analyses in the nigrostriatal DA 
system. 
A, Representative photomicrographs of striatum and substantia nigra of vehicle- or 
6-OHDA-microinjected mice at 6 weeks after the microinjection. These slices were 
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Ā 3-3 Continued. 
B, C, Striatal dopamine (DA) and DOPAC contents after intrastriatal injection of 6-OHDA. 
Amounts of DA (B) and DOPAC (C) in the striatum from treated mice were measured using 


































Ā 3-4 Level of ERM proteins in the hippocampus. 
A, Western blotting for ezrin, radixin, moesin and GAPDH (control protein) presented protein 
bands of 82, 80, 75 and 37 kDa, respectively. B, Quantitative results were obtained by 
measuring the optical density of each band using computerized image analysis. *p<0.05, 


















Ā 4-1 Ezrin acts as negative regulator for RhoA in up-stream of RhoA/ROCK. 
